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Abstract 

Using the boundary string field theory (BSFT) techniques we study the boundary 
state and partition function for a dynamical (rotating-moving) Dp-brane coupled to 
the electromagnetic and tachyonic background fields in superstring theory. By making 
use of the created partition function, the super BSFT action with a tachyonic field and 
Dirac-Born-Infeld type action will be constructed. 
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1 Introduction 


Many aspects of string/superstring theory have been discovered by studying the essential 
objects of the theory name as D-branes [1, 2]. By means of the boundary state method 
[3]-[7], several properties and different conhgurations of D-branes have been investigated 
[8]-[ll]. The low-energy dynamics of a D-brane can be described by an effective action, i.e., 
Dirac-Born-Infeld (DBI), plus its coupling to the Ramond-Ramond fields. A DBI action is 
the unique invariant term under the broken Lorentz symmetry in the lowest approximation. 
It has the reparameterization invariance which removes the longitudinal fluctuations of the 
brane and also is invariant under the full space time symmetry [12]-[14]. 

On the other hand, in the context of background independent open string field theory 
or BSFT for the case of superstring theory, an effective spacetime action can be extracted 
by the corresponding world sheet partition function. Moreover, these concepts have been 
related to the boundary state formalism in an elegant way [15]-[19]. 

In this paper we explore the effective action of a rotating-moving (dynamical) Dp-brane 
in the presence of a U{1) gauge potential in the world volume of the brane and a tachyon 
held in superstring theory by means of the path integral approach, acquired boundary state 
and formulation of string held theory. In other words, we derive the super BSFT space time 
action with a tachyonic held and DBI-type photonic held associated with a rotating-moving 
brane from the world sheet action in an indirect method. 

The existence of the tachyonic boundary interaction breaks conformal invariance and 
makes the theory oh-shell. Therefore, the BSFT would be a proper formalism to study 
such a dynamical system and derive the associated oh-shell BSFT action. Being a relevant 
interaction, it will induce an RG how between two conformal held theories which describes 
tachyon condensation [16, 20]. In our previous papers [21] we proved the instability of 
such a dynamical brane in both bosonic and superstring theories in a diherent procedure of 
calculating the boundary state. 

The generalized BSFT action corresponding to this nonstationary rotating-moving Dp- 
brane with background helds, enables us to gain a new understanding of this dynamical 
system properties. Through analyzing the action, among other specihcations, an outstanding 
feature shows up; By eliminating the ehect of the zero mode portion of the partition function, 
the rotation does not generate any DBI-type factor, therefore, in spite of the fact that we 
start from a rotating moving world sheet brane action, one would obtain the space time 
action without any contribution of the angular momentum and the moment of inertia! The 
reason behind this interesting point will be investigated both by means of the boundary 
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state and partition function approaches. Furthermore, by some simplihcations, the acquired 
action can be studied in two limits of small and large values of tachyonic held. The former 
limit could generate the right corrections of the effective action and the latter can construct 
the conventional tachyon effective action describing the dynamics of the tachyon held on a 
non-BPS Dp-brane of type IIA or IIB superstring theory. 

This article is organized as follows. In Sec. 2, the world sheet action of a rotating- 
moving Dp-brane with various background helds in bosonic and superstring theory will be 
constructed. In Sec. 3, The boundary state of such a dynamical will be extracted. In Sec. 
4, The partition function and DBI-type action associated with a rotating-moving brane will 
be investigated. 

2 The actions 

In the context of BSFT or from the boundary sigma model point of view for the closed 
string, in order to construct a dynamical (rotating-moving) D-brane system in the presence 
of various helds, we start with a bulk action 

^buik = J (1) 

and then couple the deformations to the original theory via the boundary terms as follows 

Abdry = 7^,[ da{A^d^X^ + + T2(X“)), (2) 

Zna J as 

Therefore the desired action would be S'^osomc _ Fbuik +'S'bdry, in which S is the closed string 
world-sheet, exchanged between the branes, and (9S is its boundary. This action contains a 
17(1) gauge held Aa which lives in the world-volume of the brane, an ca-term associated with 
the rotation and motion of the brane and a tachyonic held. We shall use {X"|q; = 0,1, • • •,p} 
for the world-volume directions of the brane and {X^\i = p -|- 1, • • •, d — 1} for directions 
perpendicular to it. 

For simplifying the calculations the background held is considered to be constant. 
In addition, for the 17(1) gauge held we apply the gauge A^ = —^FapX^ with constant held 
strength. Besides, we use the following tachyon prohle = Tq + ^^UapX'^X^, where Tq and 
the symmetric matrix Uag are constant. Finally, the ca-term, which is responsible for the 
brane’s rotation and motion, contains the anti-symmetric angular velocity Uag and angular 
momentum density which is given by = 2 uai 3 X'^drXd. In fact, the component 

denotes the velocity of the brane along the direction X°‘ while represents its 
rotation. Note that the rotation of the brane is considered to be in its volume and its motion 
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along the brane directions. Moreover, according to the various fields inside the brane, the 
Lorentz symmetry is broken and hence such a dynamic is meaningful. 

The purpose of choosing the constant field strength and such a tachyon profile is that for 
sufficiently small values, an expansion of regularized action gives the right corrections and 
one can study the influence of these couplings on the effective action. On the other hand, 
because of losing the conformal invariance, due to the presence of tachyon field, the influence 
of these fields has been entered as corrections to the effective action. The importance of this 
statement will be revealed in Sec. 4. 

In order to supersymmetrize the above action one should add fermionic partners of the 
X^’s , i.e., '^^’s such that the supersymmetrized action would be invariant under the global 
worldsheet supersymmetry. Steps of supersymmetrizing the bosonic action using a super¬ 
space formalism can be summarized as: first, using the super world-sheet coordinates and 
hence, adding the Grassmanian integration measurement; second, changing the ordinary 
derivative to the super covariant derivative and third, changing the fields to the superfields 
which are the quantum mechanical degrees of freedom living on the boundary and the restric¬ 
tions to the boundary of the standard world sheet super coordinate [1, 15, 22]. Therefore, 
the supersymmetrized version of the rotating-moving world sheet action with photonic and 
tachyonic background fields would be •S'^dry+buik = 5 'Bosonic^ which 

+ t{0‘^d^T)d;\ef^df,T)] 

rp^daV), (3) 




Fermionic 


+ 


4:71a' . 
i 

471 a'. 


da 


as 


d‘^a{ 


where the boundary fermion 9°‘ = + ip'ip'p is the linear combination of the solution of the 


closed superstring equations of motion ip°‘ = 


n 

ip'p 


. Moreover, is a Green function 


that could be written in terms of the sign function d^^g{a) = |/ dcr'sgn((T — a')g{a') and 
p“’s are two dimensional Dirac matrices. We use the same notation as [18]. 


3 Boundary state of the system 

By means of the obtained action, one can define the associated bosonic boundary state as 

= J [dx dx] 

00 2 

= n exp(-- XmXm - al^dl^ + + Xmdl^) \vac), (4) 

m=l ^ 


4 



where Xm = defined in terms of the bosonic oscillators, can be derived 

from the solution of closed superstring equations of motion 


(a, r) = 4 + 2a'4r + \/^ E 

^ m>0 


(5) 


Beside, the bosonic boundary action = {S^ + 5'"'" + 5'‘^)bos is related to the photon, 

tachyon and the rotation terms as follows 


qF = - F a r“ T''^ 

‘^Bos ^ Oip 

^ m>0 

cT _ _}_TT .^“4 -I- i 
‘^Bos . /'-^o/ 3 XqXq -|- 

^ m >0 ^ 

-^Bos = 2a;a/3 - 2iu^p E + COm)- 

m>0 


( 6 ) 

(7) 

( 8 ) 


The above equations are acquired by applying the oscillating modes in the bosonic sector. 
Thus by inserting the obtained in Eq. (4) the solution of the bosonic part would be 

extracted as 


\B 




rjn OO 

n [detQ(„)]"^ exp 

^ n=l 


CXD -1 

M C 


m=l 


m 


|O>„0|O); 


X 


exp < la 


E (f/-iA)^^(p“)4 E {U-^A + A'^U-^ 

q :=0 a,^=0,a^l3 


af3' 


p<^pl3 


X 0)- 

in which the matrices are 


(9) 


Q{n)al3 '^a.p Fctj^ H“ 

S(^rn)^ip ('^(m)Q /9 5 

— {^{rn)^irn))al3^ 

^{m)(y.l 3 Ffy^ H“ 2777 , ’ 

i 

F'(rn)a^ V<Af3 F 4:^(y:l3 F ‘2 tTI ’ 

-^af3 F 4cUq,^_ 


( 10 ) 


Similarly for the fermionic boundary state we have 

|B;sK) = I l<w dW\ e'^iX.m\e,g) 

OO 2 

1^4) = n exp(-- OniOm + i'ni^L'^ln + “ irfim^ln) \vac), (11) 

m=l ^ 
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where 6^ = 'ipm^ , described as a combination of fermionic oscillators, could 

be found as 




m>0 


The fermionic boundary action = {S^ + S'^ + S'‘^)Ferm contains 

Sp,™ = fX + :^ EFo.fi Csf. 

LOL 2 iOL 

cT = 1 "V 

'^Ferm a / . "r^r i 

^ r>0 ^ 

Spevni = 2*Wa/3 ^ + ivi’r&r)- 

r>0 


( 12 ) 

(13) 

(14) 


Therefore, the NS-NS and R-R sectors possess the following fermionic boundary states 


I^S)ns= n [detQ(^)]exp i ^ {h^_^S^ 

r=l/2 ^ r=l/2 


{r)^ivb-r) 


^Ferm )r = 11 [^et <5(n)]exp 


n=l 




m=l 


| 0 >. 


|B)i?' 


(15) 

(16) 


The role of the explicit form of zero-mode state \B)p^ is not important here. This is 
because for obtaining the partition function, this state would be projected onto the bra- 
vacuum. The interested reader could hnd its explicit form in [9]. 

It should be noted that in above calculations a = 1 has been considered. 


4 Partition function and DBI-type action 

It has been demonstrated that the normalization factor of the boundary state is the well- 
known, DBI Lagrangian. On the other hand, by means of the partition function one can 
obtain the DBI-type action. This delicate relation can be described as: at the tree level the 
disk partition function in the BSFT appears as the normalization factor of the boundary 
state. The partition function can be obtained by the vacuum amplitude of the boundary 
state 


= {vacuum\B). (17) 

Thus, in our setup the partition function possesses the following feature 



OO 

X 11 (18) 

n=l 
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for the bosonic part of the partition function, and 


^Disk _ 

^Ferm 


n[det Q(fc)], 

k>0 


( 19 ) 


for the fermionic part, where k is half-integer (integer) for the NS-NS (R-R) sector. Consid¬ 
ering both fermionic and bosonic parts, the total partition function in superstring theory is 
given by 


^Disk 

total 


.7Diak n^o[det C(;.)] 

2 n^ildet 


( 20 ) 


In order to prevent a divergent inhnite product, let us use the ^-function regularization 


T'Disk 

^total 


Tr 


P /vDisk 


^det(p — F) det 


■\/^r 

(l + i(»,-F)-‘(7 

r 

r( 

1 + !(,,_ F)-if) 



( 21 ) 


where the arrow sign instead of equality has been used to show the application of this useful 
function. 

The structure of the effective action can be formed by the interaction/boundary terms 
that are coupled to the world sheet action. The tree level closed string effective action can 
be studied by string partition on the sphere and in view of open string theory this action 
is described by the disk partition function. In superstring theory, the leading term in the 
latter case is called the Born-Infeld action [22]. Therefore, the extension of the DBI action 
or in other word, the super BSFT action with a tachyonic held and DBI-type photonic held 
associated with a nonstationary dynamical brane would appear as 


S='^{i7r 
2 ^ 


V (Tachyonic)- 


Jdet{r]-F) \y/wT (l + - F) ^U) 

- -: det -^^ 


^det(B + H) [ r (1 + i(,, - F)-iC/) 


( 22 ) 


in which we use the zero mode partition function after integrating on the momenta where the 
diagonal matrix possesses the elements Dap = {U~^A)aaSap, the the matrix Hap is dehned 
by 


J (C/-‘A + A’-(7-i)„fl 

= I 0 


ct 7 ^ /3, 

a = j3. 


(23) 


and A has been introduced in Eq. (10). As it seems the ehect of rotating-moving property 
of the brane has been entered into this factor. In addition, due to the tachyon prohle we 
have {rj — F)~^U = [(?7 — F)~^Y^I^daTdpT, note that Tq = 0 is considered for simplicity. 

According to the non-BPS characteristic of this dynamical D-brane and its special back¬ 
ground helds [21], in order to insert its contribution from the fermionic helds, one should 
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consider its property as a (1, 0)p-system. Note that a generic (n, m) could define as (n, m)p = 
n\Bp)]sis + 'nT.\Bp)^, for combinations of GSO projected states on behalf of both the Neumann 
boundary conditions in p + 1 and Dirichlet boundary conditions for d — p — 1 dimensions. 
Thus the fermionic contribution is that of the NS-NS sector. 

It has been demonstrated that the tachyon kinks, tubes, and vortices could be found 
by studying the equations of motion from the DBI-type effective field theory [24]. In other 
word, inhomogenous solutions of the equations of motion which follow from the action encode 
non-trivial information about the decay of higher dimensional branes into lower dimensional 
ones. Therefore, one can check the tachyon kinks as solutions of classical equations of motion 
of this rotating-moving system. Specifically, for the case in hand, according to the special 
background fields, the spectrum of the kinks solutions becomes richer. 

Now in order to to bring the obtained action into the form of the standard (conventional) 
space time action, let us simplify it and drop the effect of zero mode partition function 
Consequently we have 

S' = ^ y I/(Tachyonic)ydet (?7 — F) det 

Some properties of the acquired action are as follow: 

V;Fr(l+i(r;-F) 

portional to I4(Tachyonic) = due to the defined tachyon profile. It should be noted 

that the exact tachyon potential is obtained by setting U^, = 0 in tachyonic profile and 
computing the path integral boundary action [15, 23, 24]. 

- There is an interesting point in Eq. (24). In the beginning we start from a rotating- 
moving world sheet brane action but at the end we reach to the space time action without 
any contribution of the angular momentum and the moment of inertia!. By dropping the 
zero mode partition function what has happened? In the following two interpretations (using 
boundary state and partition function approaches) of this case are explained: The bosonic 
boundary state (9) consists of oscillating and zero mode parts. The first line in (9) with the 
infinite determinant and the exponential factor is the contribution of the oscillators which 
act on the vacuum of oscillators. The remaining part belongs to the zero modes and a delta 
function which has been included to fix the location of the D-brane by imposing an extra 
condition on the position operator in the transverse direction and a momentum dependent 
integral which comes from taking the zero mode action into account [21]. As it seems, there 
is no h-function in the directions in which we perform the rotation and therefore the rotation 
acts trivially on the zero modes. As a result, by eliminating the effect of the zero mode 
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-The kinetic part of the action is, det 


and the potential term is pro- 


Vir(i + i(t,-F)-‘i7)' 

r +10 - J-j-'c/) 



portion, the rotation does not generate any DBI-type factor (boundary state approach). 
This case is similar to that of the rotation in a delocalized Dp-brane in [8]. In other point 
of view, this is because of the anti-symmetric characteristic of the rotating-moving (o;)- 
term. As a matter of fact, this portion would be eliminated in the path integral calculations 
and therefore it does not have any contribution in the DBI-type action (partition function 
approach). 

- The obtained action is a generalized form of a non-BPS D9-brane action in [15, 22] 
which is an interpolating action that coincide with the low-energy two-derivative effective 
action for a D25-brane in open bosonic string theory and the corresponding expression for 
the non-BPS D9-brane in type IIA theory in the two-derivative approximation and lead 
to the correct D-brane tensions. Moreover, one can choose a scheme dependent term to 
reproduce the correct value of the tachyon mass at T = 0. It might be proportional to the 
log(f)[|(?7 — F)~^Y'^TdadpT. We ignore this term for simplicity. 

- It is evident that by considering the 17 = 0 limit, the familiar relation of the DBI-type 
action, in the presence of electromagnetic held, will be revealed. 

- The acquired action can be checked in the limits of small and large values of tachyon 

held. Where the hrst case (small values) could reproduce the right corrections of the ehective 
action due to the special boundary deformations which caused the conformal invariance to 
be lost, and the latter that can construct the conventional tachyon ehective action describing 
the dynamics of the tachyon held on a non-BPS Dp-brane of type IIA or IIB superstring 
theory by some simplihcations. In the following these statements would be clarihed: For the 
hrst case, in the kinetic term of action (24) consider R{^{rj — F)~^U) = ^ • 

Now by dehning 

z = \(n-F)-^U, (25) 

R{z) could be rewritten as 

=fir= 

in which B{z) is the Beta function. One can reproduce the leading term by expanding R{z) 
around z = 0, hence the above action takes the following form 

S' = ^ y P(Tachyonic)^det (?7 — F) det 1 -|- 21ogz[(r7 — F)~^]°‘^daTdj 3 T + ... , (27) 

where the original expression for tachyonic prohle has been restored. It can be interpreted 
as the corrections to the DBI-type action according to the special format of the kinematic 
part of the Dp-brane Lagrangian. 
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For constructing the tachyonic effective action of a non-BPS Dp-brane of type IIA or 
IIB superstring theory, let us check action (24) for large values of Thus, by means of the 
recursion relation obtained from r(l + z) = zr{z) for the Beta function and applying the 
Stirling approximation B{z) ~ one can derive 


R{z) ~ 


{z + ^){z+^)...{z+l) 


n 


(z + 5 — 1)(^ — 2)...(z + 1) Y z s 

Now in order to reach an action with a familiar structure let 


s = l,2,3,.... 


(28) 


R{z) \/jrVl + z, (29) 

for 1 + 2 ; 3> 1. Returning Eq. (29) into the effective action (24), applying the determinant 
expansion det {1 + z) ~ 1 + Tr^; and omitting the total held strength F for simplicity, an 
intimate result will be revealed 

^ ^ ViT)^l+'-ri-^d^Tdf,T, (30) 

This action is just like the proposed tachyon effective action for large T on an unstable 
Dp-brane system in [23]. 
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